I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Prolactin is a hormone that synthesized and secreted from the anterior pituitary lactotrophic cells,\[[@ref1]\] which their numbers do not alter with age, but lactotrophic cells hyperplasia does happen during gestation and lactation, which resolves within months after delivery.\[[@ref2]\] Prolactin secretion is stimulated by thyrotropin releasing a hormone (TRH) and inhibited by dopamine.\[[@ref3]\] Moreover, extra-pituitary prolactin found in the cerebral cortex, amygdala, myometrium, lacrimal glands, thymus, immune cell, skin fibroblast, sweat gland, and spinal cord this extra-pituitary prolactin is not regulated by dopamine but through independent factors.\[[@ref4]\]

Hyperprolactinemia may reflect neuroendocrine stress reaction to acute coronary syndromes, which induces acute endothelial dysfunction, insulin resistance, and induction of vascular immune reactions thus; prolonged hyperprolactinemia lead to arteriosclerosis, augmentation of arterial stiffness, and hypertension.\[[@ref5]\] *Ex vivo* studies shown that prolactin augments adhesion of the immune cells into endothelium through integrin-mediated effects that cause proliferation of vascular smooth muscle cells which may contribute into atherosclerotic expansion and elevation of cardiac risk profile.\[[@ref6]\] Many studies link primary hypothyroidism with ischemic heart disease due to an elevation of TRH level which regarded as potent stimulants of prolactin secretion. Hence, peripartum cardiomyopathy was linked to the high serum prolactin level,\[[@ref7]\] therefore, physiological prolactin levels stimulate JAK-STAT pathway which stimulated cardiomyocyte hypertrophy, angiogenesis, expression of prolactin receptors, and cardiac protection via upregulation of superoxide dismutase that inhibit free radical formations, but excessive prolactin above physiological level lead to severe inhibition of cardiac metabolism and damaging of cardiac microvasculature\'s which may prevent via dopamine agonist that inhibit prolactin secretions.\[[@ref8]\]

All these observations showed that a high prolactin level plays a potential role in the development of ischemic cardiac disease, also; hyperprolactinemia leads to dyslipidemia, augmentation of platelets aggregation and amplification of vascular thrombosis that leading to the increasing in the risk score of acute coronary syndrome.\[[@ref9]\] In addition, high prolactin serum level cause a significant vasoconstriction and induction of oxidative stress in the coronary vessels since; prolactin receptors are overexpressed in atherosclerotic plaque macrophage which indicate the association between prolactin and induction of inflammatory markers that may explain the connection between serum prolactin and cardiovascular mortality.\[[@ref10]\]

The pleiotropic effects of prolactin on the inflammatory mediators revealed through T-cell activation, interferon production, and regulation of macrophage function that induce a low-grade vascular inflammation and induction of coronary atherothrombotic complications also, serum prolactin is positively correlated with blood pressure and the risk score of cardiovascular complications.\[[@ref11]\] Immunohistochemical studies, implicate prolactin in the pathogenesis of acute coronary syndromes but, serum prolactin levels are not predictive and index factor for development of acute coronary failure, this may explain local paracrine effects of prolactin on vascular smooth muscle hyperplasia in the development of coronary atherosclerosis.\[[@ref12][@ref13]\]

Therefore, the aim of the present study was evaluation of the serum prolactin level in the acute myocardial infarction (MI) regarding the current pharmacotherapy in management of MI.

S[UBJECTS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
================================================

This cross-sectional study was done in Department of Clinical Pharmacology, College of Medicine, Al-Mustansiriia University in collaboration with Department of Internal Medicine, Al-Yarmouk Teaching Hospital in Baghdad, Iraq from March to May 2015. This clinical study was mannered according to the guideline on the Declaration of Helsinki and NewYork Heart Association,\[[@ref14]\] with specific confined approval from the Ethics Board Review Committee. All patients presented a write knowledgeble consent to this clinical study.

This study involved patients with acute MI in a coronary care unit (CUU), a total number of 44 patients (45% males and 55% females) with age ranged from 40 to 75 years, this compared with 22 normal healthy controlled volunteers.

A full history for modifiable risk factors and current therapy with aspirin, clopidogrel and or metformin, all patients were nonsmokers. The anthropometric measurements; for estimation of body mass index (BMI = kg/m^2^), electrocardiography was obtained.

Fasting blood samples were taken in the morning from all patients and the sera were used for estimations of routine investigation and determination of ischemic cardiac biomarkers like cardiac troponine I (cTnI) (ELISA kit method Catalog No.: E-EL-R1253 pg/ml), then 100 μl of sera was used for determining serum prolactin level (PRL ELISA kit method INF 5303001GB) in ng/ml with an analytical sensitivity of approximately 0.8 ng/ml.

Depend on specific ELISA kit instruction, serum level of prolactin in ng/ml calculated according to the standard curve \[[Figure 1](#F1){ref-type="fig"}\].

![Prolactin hormone standard curve](IJEM-20-72-g001){#F1}

Determination of lipid profile {#sec2-1}
------------------------------

Total serum cholesterol, total serum triglyceride (TG) and high-density lipoprotein (HDL) done via a specific kit ELISA method, and then from these parameters we can calculate the followings:\[[@ref15]\]

Very low-density lipoprotein (VLDL) = TG/5Low-density lipoprotein (LDL) = TG−(HDL+VLDL)Atherogenic index = (TC − HDL)/HDLAtherogenic ratio = HDL/LDL, LDL/HDL, TC/HDL.

Statistical analysis {#sec2-2}
--------------------

All calculations were done via using SPSS software (version 19.0. 2010, IBM Corp., Armonk, NY, USA). All data are expressed as mean ± standard deviation (SD). The unpaired *t*-test is used to estimate the significant of differences between patients and normal control. The correlation was done for analysis of variables and the differences between groups estimated by ANOVA for correlation scrutiny, two-tailed *P* \< 0.05 was regarded as statistically significant.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Age and gender distribution in this study were selected to exclude gender and physiological changes in the increments of serum prolactin levels \[[Figure 2](#F2){ref-type="fig"}\].

![Age and gender distribution of current study](IJEM-20-72-g002){#F2}

Patients with acute MI presented with diverse clinical and biochemical variables with full previous history \[[Table 1](#T1){ref-type="table"}\].

###### 

Clinical characteristic of patients presented with acute MI

![](IJEM-20-72-g003)

Anthropometric measurements in patients with acute MI shows overweighted patients (BMI = 29.60 ± 3.45) with other changes \[[Table 2](#T2){ref-type="table"}\].

###### 

Anthropometric characteristics

![](IJEM-20-72-g004)

A total of 66 subjects (22 control and 44 patients) analyses by Fisher\'s test for serum prolactin shows 23 subjects above the normal limit (1 control and 22 patients) and 43 subjects (21 control and 22 patients) within normal limit that gave a high significant difference between and within measured groups *P* = 0.0002 \[[Table 3](#T3){ref-type="table"}\].

###### 

Comparison between study patient and control groups concerning high prolactin level (ng/ml)

![](IJEM-20-72-g005)

The present study also shows a significant increase in the serum prolactin in acute MI as compared with the control; it increased from 3.4 ± 3.73 ng/ml in controlled groups to 22.01 ± 28.27 ng/ml in patients with acute MI *P* = 0.0032 \[[Table 4](#T4){ref-type="table"}\].

###### 

Comparison between patients and control groups concerning the mean prolactin levels (ng/ml)

![](IJEM-20-72-g006)

In the patients presented with acute MI at CCU, there were significant differences in the most biochemical parameters as compared with control.

Serum prolactin level was 22.01 ± 28.27 ng/ml in patients with acute MI as compared with control serum prolactin 3.4 ± 3.73 ng/ml *P* = 0.0032, this elevation was corresponding with the increments in cTnI from 13.43 ± 17.04 to 76.70 ± 26 pg/ml *P* \< 0.0001. Moreover, blood pressure changes and lipid profile significantly differ from control measures \[[Table 5](#T5){ref-type="table"}\].

###### 

Biochemical difference between patients with high serum prolactin and control in acute MI

![](IJEM-20-72-g007)

In acute MI, serum cTnI elevation was correlated with serum prolactin increments, this correlation is highly positive R = 1.06 \[[Figure 3](#F3){ref-type="fig"}\].

![Correlation between serum prolactin and serum troponin in acute myocardial infarction](IJEM-20-72-g008){#F3}

Moreover, serum prolactin in this study is correlated with serum cholesterol and TG positively R = 0.173 and R = 0.2, respectively, thus, serum prolactin is more correlated with serum cholesterol than with TG.

The differential effects of current therapy for acute MI on serum levels of both prolactin and cTnI. In previously treated groups of metformin and currently with soluble insulin at the time of diagnosis, serum prolactin level was 18.01 ± 18 ng/ml, while serum troponin was 73.75 ± 27 pg/ml in comparison with control *P* = 0.00021 for prolactin and *P* = 0.000004 for cTnI. While, patients treated with aspirin 100 mg/day, serum prolactin and cardiac troponin levels were 21.06 ± 12.35 ng/ml and 74.56 ± 11.26 pg/ml with *P* = 0.00104 and *P* = 0.000005, respectively in comparison with control. Furthermore, combined aspirin and clopidogrel treatment show significant increments in both prolactin and cTnI *P* = 0.0024 and *P* = 0.000005, respectively. Regarding other types of therapy currently and previously used in patients with acute MI such as simvastatin, isosorbide mononitrate, and metoprolol serum levels of both prolactin and cTnI were 20.76 ± 21.65 ng/ml *P* = 0.00115 and 67.23 ± 21.66 pg/ml *P* = 0.000005, respectively as compared with control.

Because, in the metformin-treated group, there was a lowest prolactin serum level 18.01 ± 18.23 ng/ml the differences with other treated group was significant *P* = 0.002094 in comparison with the aspirin-treated group, in comparison with aspirin + clopidogrel-treated group *P* = 0.002402 in comparison with other treatment group *P* = 0.00116 \[[Table 6](#T6){ref-type="table"}\].

###### 

Differential effects of previous treatments on serum prolactin and cardiac troponin in acute MI

![](IJEM-20-72-g009)

Regarding gender differences in serum prolactin, higher serum prolactin level showed in females in comparison with male *P* = 0.0063, while, in cTnI serum level, there is insignificant gender variation *P* = 0.526 \[[Table 7](#T7){ref-type="table"}\].

###### 

Gender differences in serum prolactin level in acute MI

![](IJEM-20-72-g010)

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

The present study shows elevation in the serum prolactin hormone levels in patients presented with acute MI, significantly as compared with healthy control, this increment in serum prolactin is positively correlated with cTnI, serum cholesterol, and TG levels. This clinical study also demonstrated that current and previous pharmacotherapy for managements of acute MI may affect serum prolactin levels, metformin mainly decreased prolactin levels in acute MI.

The present study revealed that higher levels of serum prolactin encountered in patients with acute MI pretreated with aspirin. This may be attributed to the influence of aspirin therapy on prostaglandin generation in the hypothalamic gland. It\'s well known that hypothalamic prostaglandin participate in regulation of dopamine release. So inhibiting of hypothalamic prostaglandin synthesis by aspirin might interfere with normal release of dopamine (prolactin inhibitor factor) and this in turn leads to increase in serum prolactin levels.\[[@ref16]\]

Unlike aspirin, clopidogrel did not affect serum prolactin.\[[@ref17]\] Moreover, countless clinical studies showed dose-dependent effects of metformin in the reduction of serum prolactin significantly in polycystic ovary syndromes this suggesting that a vague signal pathway to prolactin secretion could be under the influence of insulin,\[[@ref18]\] this corresponded with our findings that show a low serum prolactin in the metformin-treated group.

Animal models study showed that α-2 antagonist yohimbine lead significant increase in the serum prolactin,\[[@ref19]\] while; nonselective β-antagonist like propranolol inhibits basal prolactin secretion thus; β-blocker produced insignificant effects at physiological prolactin level but it reduced prolactin significantly at pathological and stress induced hyperprolactinemia,\[[@ref20]\] which may explained the effects of antihypertensive agent that commonly used in the cardiovascular complications on serum prolactin measurement in acute coronary syndrome but, there is a little association between high prolactin level and antihypertensive agents and most of the antihypertensive agent in this study were uncontrolled and unremarkable.

Therefore, most of the currents pharmacotherapy decreases serum prolactin levels in acute MI; this may be due to amelioration of cardiac function and oxidative stress since; during acute MI serum prolactin levels increased as a stress response, this cardiac necrosis leads to depletion of antioxidant STAT3 level which led to the provoking of cardiomyocyte oxidative response that in consequence activate cathepsin D enzyme which plays an essential role in conversion of 23 kDa prolactin into anti-angiogenic and pro-inflammatory 16 kDa subfraction which leads to chemokine and cytokine overexpressions with NFκB activation all these changes leading to coronary vasoconstriction, apoptosis, and inflammatory cardiomyocyte injury,\[[@ref21]\] unfortunately, 16kDa subfraction was not measured separately in this study.

Moreover, dopamine agonist agents like bromocriptine reduce infarction size and improves cardiac function after ischemic reperfusion injury in animal model study, which implicate the prolactin in progressions of acute MI.\[[@ref22]\]

Therefore, reductions of oxidative stress by current pharmacotherapy prevent activation of harmful 16 kDa prolactin subfraction which per se reduces the body stress response and then reduction of serum prolactin levels during the recovery period from MI.\[[@ref23]\]

In MI-induced hyperprolactinemia, there is increasing in the level of C-reactive protein (CRP) which indicate for inflammation and vascular injury, so, CRP regarded as independent risk factor for cardiovascular morbidity,\[[@ref24]\] also, bromocriptine decreases CRP level after 8 weeks of therapy via inhibition of prolactin secretion thus, during amenorrhea and menopause the level of CRP elevated which indicating increasing in the level of serum prolactin.\[[@ref25]\] Therefore, prolactin was implicated in the inflammatory changes that occur to acute attack of MI, and the correlation between high prolactin and CRP level is well documented.\[[@ref26]\]

In addition, serum prolactin was linked with hypertension, arterial stiffens, peripheral vascular resistance, activations of vascular sympathetic tone, vascular smooth muscle cell proliferations, and low-grade inflammatory process,\[[@ref27]\] all these effects leading to the alteration in endothelial integrity which reflected the relationship between prolactin and vascular damage, but prolactin was mainly correlated with arteriosclerosis than with atherosclerosis.\[[@ref28]\] These, findings correlated with this study result which shows a link between hypertension and serum prolactin in acute MI, since in most hypertensive patients circadian prolactin secretion is blunted and become higher at morning\[[@ref29]\] this may give important explanations of high prolactin levels in acute MI because of most of the samples were collected in the morning of this study.

High serum prolactin level showed a positive correlation with dyslipidemia, a study on females with prolactinoma revealed a decrease in the HDL, but other lipid profile parameters was similar to the control group thus; exogenous estrogen or bromocriptine improves lipid profile during the menopause this *per se* explained the role of prolactin in the induction of dyslipidemia.\[[@ref30]\] In our study, a high prolactin serum level is associated with hyperlipidemia as compared with control and there is a significant correlation between serum prolactin serum level and serum TG and cholesterol.

As well, prolactin induces expression of P-selectin in the platelet and augment of adenosine diphosphate-induced platelet aggregation leading to thrombosis in acute coronary syndromes mainly in acute MI, also there was an association between high prolactin level and stroke,\[[@ref26]\] which corresponded with our findings that show a potential link between prolactin serum level and incidence of acute MI.

Furthermore, prolactin serum level effects correlated significantly with platelet P-selectin expression in acute MI.\[[@ref31]\] Therefore, prolactin regarded as a novel platelet activator via specific isoform of prolactin receptor and there is a possible link between high serum prolactin level and venous thromboembolism,\[[@ref32]\] but, unfortunately, the thromboembolic profile was not measured in this study. Therefore, the effects of antiplatelet agents on the prolactin induced platelet aggregations were investigated *in vitro*, shown that clopidogrel produced significant inhibition whereas; aspirin produced no effects. Consequently serum prolactin level may be regarded as a novel biomarker for prediction of antiplatelet agents selection during acute management of MI at the CUU.\[[@ref33]\]

Moreover, dopamine agonist decreases the risk and occurrence of cardiometabolic risk that linked with visceral obesity and metabolic syndrome, this gives an idea about the link between hyperprolactinemia with metabolic syndrome that induced coronary complications and MI.\[[@ref34]\] This is corresponding with our findings that showed a link between BMI and serum prolactin, also; long-term effects of high serum prolactin level contribute to the development and progression of angiogenesis, which lead to cardiomyopathy, inhibits angiogenesis through antiangiogenic and profibrinolytic activities.\[[@ref35]\]

Regarding, other cardiac biomarkers in acute MI, cTnI released into the bloodstream as binary or tertiary complex earlier than other type of troponin, it gives an idea about myocardial ischemia while; second phase increase in 3 days reflects the infarction size.\[[@ref36]\]

About 50% of patients with septic shock may develop acute heart failure lead to a rise in the level of cTnI this indicating that cardiac troponin may be released due to increasing oxygen demand as in anemia, hypoxia, stroke, and pulmonary embolism thus, myocardial necrosis regardless of its cause lead to elevations in serum troponin.\[[@ref37]\]

Furthermore, cardiac troponin is an extremely sensitive but; not specific to the myocardial damage it also elevates to noncardiac conditions as in vigorous exercise which leads to stress-induced myocardial systolic dysfunction, but; it\'s extremely realistic to exclude non-ST elevation MI but; cannot differentiate between thrombotic and nonthrombotic acute coronary syndrome.\[[@ref38]\]

Thus, coexistences elevation of both cardiac troponin and serum prolactin in acute MI give an idea about the underlying predisposing factor of occurrences of MI, and the elevated troponin revealed myocardial necrosis due to the coronary vessel complications that appeared in association with dyslipidemia which linked to high prolactin level.\[[@ref39]\]

Therefore, a positive correlation between cardiac troponin and serum prolactin in this study elucidate that acute MI occurrence is due to long-term vascular complications.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Serum prolactin level increased in acute MI, and positively correlated with cardiac troponin level and reflects underlying cardiovascular complications.
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